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TmT T-"^''" ^^""'^ - "f-ing .0 the accompanying drawings 
Adi^onaUy. ,t . to be under^c^d that the various embodin,en.s7the pZ, 
— described he^ ^ ^ 

5 ^thoutdepartingfromtheprindplesofthapresentinvention. 

^. ^^^aproducfon tubing string, positionedinasubten^an^ell. Hml 
flowthroughthetub.larstring.isu.ihzedtogen.ateeiecMealp„jLrS 
generato^o. » is to be dearty undem„od that tte generator xo^and thirj 
~;«=^''.«^>>e^-ybe.edinother^^.^^^J*: 
asadrdlstnngorn,jecd„nM»^s.ri„g,i„„U.,^„ffl^,^^^^^^^^^ 

^s^.fl.dcondni,n^be.«idt^gsti.„^tionordriilsten..es.^,J 

Wdasa£.o™neter,n>aybeusedasapowersourcefor logging ^hiieLng 
^ m^™«bile drilling ope^tions. and .nay be used in other methods 
Mthout departing from the principles of the present invention. T^t 

^Pbon herein of .he genentorxonsed in the tubular string.is not bb 
takenashmmngoftheutilityofthepresentinvention. 

TTie generator xo includes a fluid conduit X4 with a flow passage x6 
^t^thereftrough. As fluid flows though the flow passage x6. L cond^ 
X4 fle^ somewhat. duetopr^flu.^H„^i„U,,fl^^.^ 
condut, H mduces strain in a piezoelectric material x8, such as PZT aLch^d 
~ly.o the conduit. Of course, the conduit X4 may be made lolj 
press^e changes m the fl»v passage x6. without the pressure changes bemg 
causedbyfluidflowthroughtheflowpassage. ^ 
-nxe piezoelectric material x8 could be other^se attached to the conduit 

ore^^ple, .tmaybeattachedinten^ally to the conduit. An outerhousing.. 
encloses and protects the piezoelectric material 18. 

elec,rit''r'"°™'°*"''^'"'''^P''^^**'=~P««'u=es 
J*^a^whenstr^i.taducedmthematerial.Ttas,.hepiezoelectricmaterial 

rui^rtr;:^""*'^^^"'"-'^^------^ 
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The electridty produced by the piezodertric material 18 is con^^ 
lines 20 to an dectrical power consuming device (not shown) dther remote from 
the generator lo or in dose proximity thereto. For example, the electridty may 
be used to charge a battery or to power an dectrical de^dce, either in another tool 
; elsewhere in the wdl, or within the housing 22. 

Referring additionally now to FIG. 2. another power generator 24 
embodying prindples of the present invention is representatively and 
schematically illustrated, "me generator 24 is ^ar to the generator 10 
described above, in that it mcludes a fluid condmt 26 configured for 
0 intercomiection in a tubular stiing 28 in a subteixanean v.ell and a piezodectnc 
material 30 attached to tiie conduit, so tiiat the piezodectric material produces 
electridty when pressure changes are experienced m tiie conduit, sudi as when 
fluid is flowed through tiie conduit. However, a flow passage 32 extending 
ti^ough tiie conduit 26 has a radiaUy enlarged portion, tiiereby forming a radially 
15 reduced tiiickness portion 34 of tiie conduit. 

It will be readily appredated by one stelled m tiie art tiiat tiie reduced 
tiiickness portion 34 of tiie conduit 26 will flex greater in response to pressure 
fluctuations in the flow passage 32 tiian tiie remamder of tiie conduit, ms 
increased degree of flexing is used to induce greater strain in the piezoelectric 
20 material 30 and, tiius, produce greater dectrical power output from tiie 
piezodectric material as compared to tiie generator 10 described above. Note 
tiiat tiie reduced tiiidoiess portion 34 could be otiierwise created, for example, by 
pro^dding a reduced outer dimension of tiie conduit 26, etc. 

Similar to tiie generator 10, tiie generator 24 also indudes an outer 
25 housing 36 for providing protection to tiie piezoelectiic material 30. Lines 38 
conduct electiicity from tiie piezoelectric material 30 to a power consummg 
device (not shown) dtiier remote from or in dose proximity to tiie generator 24. 

Referring additionally now to FIG. 3. anotiier power generator 40 
embodying principles of tiie present invention is representativdy and 
30 sdiematically illustrated. The generator 40 is depicted in FIG. 3 interxromiected 
inatubular string 42 and positioned inasubterranean wdl. Fluid flowtiirougha 

fluid conduit 44 of the generator 40 is used to displace a mass 46 to load a bias 
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zs;* "-*""«-.>.. 

P^ven, fluid flaw direofly through 171' / ' "^^"^ 

As fluid flov™ fl^ough the chamber 52 between the openines .8 
mass 46 is cshqpH t« /i;,, i j openings 58, 60, the 

^^-ucany mu.t.ted. ^ STI ~ ; r'"""'^^ 

-ea.«,^etwirheiiSar:r;:;3r"""-^ 
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the opemng 74- For example, the vol»me cf the chancer 72 may be adjusted to 
Wtheetomber to an appropriate resonart frequency. One way to adjust the 

volume of the chamber 72 is to provide a piston 82 displaceable by a threaded 
eoUar 84, so that as the liston is displaced, the volume of tte chamber maybe 
increased or decreased as desired. 

Various methods may be used to generate electrical power from the 
vibration of the chamber 72. Pie^electric material Semaybe attached internally 
or eternally to the conduit 78 where it forms an inner wall of the chamber 72. 
Piezoelectric material 88 maybe attached internally or externally to the housmg 
, 8owhereitformsanouterwanofthechamber72. Piezoelectric matmal 90 t^y 
be attached to a rdaUvely thin membnme 92 bounding a portion of the chamber 
^ Piezodectric material 94 may be attached to the pistc«. 82. for example, 
positioned between the piston and the collar 84. Of course, it will be readdy 
appreciated that vibration of the chamber 72 may be used to generate elecm^ 
^ powerina.^othermam>eraswen.withoutdepartmgfromthepnnaplesofthe 

present invention. 

line. 87. 89. 91. 95 conduct the electricity produced by the pie^ectric 
n^terials 86. 88. 90, 94. respectively, to electrical power consuming dev.ce(s) 
(not shown) either remote from or in close prorimity to the generator 68. 

Referring additionally now to FIGS. 5 & 6. a configuration of a fluid 
eondnit 96 which maybeusedinany of the power generators described h^ein-s 

schematically and representatively illustrated. The conduit 96 has a heh^ 
shape AS fluid flows fl>rough a flow passage 98 extending through tiie conduit 
06 turb-aence is toduced m ttie flvdi This turbulence is used to hicrease 
^ displacement of a member of a g^erator which responds to fluxd flow, 
therethrough. 

For example, if the condint 96 is substituted for the conduit u in the 
^,or 10 described above, die conduit 96 wiU itself flex to a gr^t^ ^pee 
^ result in increased electrical output from tiie piezoelectric matenal i8. due 
30 increased pressure fluctuations in fl« flow passage 98. If the <»nduit 95 - 
^tit„tedforti.econduit26infl>egenerator24describedabove(mwhichca^ 

the conduit 96 would be prorfdrf witi, 0»e r«iuced wall flickness portion 34 to 
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conduit 78 in the generator esT k . f 

wouidbep™.ded~;ei;:: 9S 
result in increased vibradon of the d«n,tett^!r ~ 

.0 I^essu. fluctuadoit;;^"^^.^^^''^*^^-^*^- 
described herein in^ehd^:, 

fluidconduit ^'=^'^'^P"^''«d-'«Ponsetoflexureofa 

eonduit'^rrr^r'"':"'^'^*--"^--"-^-^ 

to induce turWel'^^trZr"™'""^^^^''-^ 
mustrated. Ihe conduit .ooTa a^I, n 

recess X04 is fonned intern^' on ' "^"^ ^ 

(ftereces^fonningpa^Tt^" r^'"'"''''^'^*^'^ 

fluidflowthr.^u.x;^:;;:'^^""''"'^^ 

be used to ina^e el^ ^ -^^-^edby the helical «cess .04 may 

herein. Ad«y 

heHcaily th^l lS rT"°r"^----^™onxo6f„™ed 

e-cteJtoZLdttto T fl-^d flowing 

theconduttxoo. ^-e^amiJe. if the conduit xooi. substituted for the 
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conduit 44 in the generator 40 described above, the protnision io6 may he used 
to increase turbulence in the fluid flowing through the chamber 52. 

Note that the conduit 100 may be made of a material, for example, 
titanium or a composite material, etc., which provides enhanced flexure of the 
5 conduit due to pressure fluctuations therein, for those embodiments of power 
generators described herein in wMch electrical power is produced in response to 
flexure of a fluid conduit. 

It is to be dearly understood that the above examples of conduits 96, 100 
which are shaped to increase turbulence in fluid flow through a downhole power 
o generator are provided only to illustrate the large varieO- of such methods of 
mcreasingturbulence, and any other means of increasing turbulence in fluKl flow 
may be utilized, without departing from the principles of the present invenhon. 
For examiae.it is not necessary for helical shapes to be used, since fluid condmts 

could instead be corrugated totemally and/or externally, have other types of 
15 recesses and/or protruaons formed internally and/or extemaly thereon, etc. to 
increase turbulence m fluid flow. 

Referring addiUonaUy now to FIG. 9, another power generator 108 
embodymg principles of the present mvenflon is representatively and 
schematically illustrated. In FIG. 9, the generator io8 is depicted mterconneded 
.0 in a tubular string uo positioned in a »bterranean weU. The generator xoS 
includes members 112 which extend inwardly into a flow passage iH formed 
through a fluid condmt 116. 

Note that the members 112 extend generally transversely to the direction 
rffluid flow through the flow passage m.Itwi]l be readUy appreciated that the 

« manbers m will vibrate as fluid flows through fl>e flow passage 114 and aaoss 
the mentes. To increase the vibration of the members 112. protrusions 118 may 

be provided to the flow passage upstream of the members to mduce turbulence m 
thefluidflowingthereacross. Of course, any other means of inducmg turbulence 
in the fluid flowing across the members m may be utilized, without departng 
30 fromtheprindplesofthepresentinvention. 

Kezoelectric material 120 is fisposed between eadi of the members U2 
and the conduit u6 m recesses 122 formed internally on the c«iduit. The 
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pie«,decWc material 1.0 supports the membe:. in position reUtive to the 

»na»tu6»dn.,enci^eeachn.eo,he..sothataispulJi^ 

m m ireofon m<tees st«in in the pie^eleCric n^terial, resulting in 1 

dectncaloutputfi^mthepiezoelectricmaterial. esuitmg m an 

the membe. nvinoeases the dispUcemen. of the member aTtCI 
mc^ases the electricity p™lu^ ^ ^ piezoelectric material x.o. 1^ 
conduct the elecMcity to an electrical power consumtog device (no^To^ 
e-therremotefromorindosep^xunitytothegen^. ' ""^^ 

1^2.;:™ *™ '~ ^ —V and 
cany Illustrated. The generator 126 is depicted in FIG 10 

^ l~ur7'"^''''™"*'^''^»'^''«-^-«-3ae.en^ 

r \ •^'"'^-'''^^^^-'^^theiethroS 
E.u.d£lo™ngth™ughtheflow„^aalsoflo™throughtheorificei36. 

•^^■"^WisrecipTOcablyasposedmtheflowpassageias. It«ill 
^readayapprec^tedthatasMdflows through theoriflcei36,thLLbe^J 
=0 ^f"';^^''™'°*-'nduiti30. masp,aceMentoftheniember.34^ 
=0 '-^'o^ducesti^uiapie.oelectricniaterialiaSpositionedbetweenara^^ 
enlaiged portion 140 of the member and the conduit .30 in a recess 14. fomied 
mteraally on the conduit 

I^°'"»'0'«'44«rtendiMotheflowpassagemupstmamoftheorifice 
=5 rrr^ '"r'^^'"'^^"'"°^'^>«'>*-rifice.rS 
^-^^^edthatthisinc^^einturbulencecausedbytheprotrusions 
2".^ increase the displacement of the member 134 due to the fluid flow 
^ ughtheo„flcer36,therebyinc.^^a,,^^^,^^^^ 
matenal 138 and increashig the electrical output of the plezoelect^c material. 
30 2^7 — ^38 is conducted to an 

30 '='»'"<^1 power consuming device (no. shownj either .«„ote fern or in dose 
proiamiS'tothegeneratori26byIinesi46. 
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Erferring adaitionally now to FIG. n. anoto pov« generator m8 
e^bod^g principles of *e present invention is r.pres»taUvely 3nd 
lLTilymus,rated.Tliegener.torM8is6epctedinnG.uu.ercon^^^ 
^r^b^stringisopositionedinasubterraneanv^n^ ^.^S 
5 includes a fluid conduit 15= having a flow passage 154 e:ctendmg flieretlu»u^ 
' llnie»beri56disposedin,heflowi«ssage.l^retain«si58p»v^^^ 
n^ember 156 from displacing out of the flow passage 154 when flmd . flowed 
through the flow passage. 

•fte member 156 is shown in FIG. 11 as a sphere, but it is to be clearly 
.0 understoodthatanotherwise-shapedmemberco^dbeusedinfteg™ 

M8. without departing from the principles of .he present mvenUo,. It wJl be 
^aiy appreciated that, as fluidflowsthroughflieflowpassageiM. the member 

Tsl^laceinresponse thereto. Displacement of the member 156 may be 
used to produce eleclridtyin the generator MSmvaiiousmamBrs. 

For example, other than being retained hi the flow passage 154 hy the 
„t3inersi58,thememberi56maybefreetodisplaceinanydiredionwitothe 
Tpassa e. In that case, the member 156 will perioacaHy intact the 
^sLcausesomea^lacementoftheretainers. ^^^^^^^ 
Ltioned between the retainers 158 and the fluid conduit 15. m recesses 16. 

in.heconduitisstrahiedl.thedisp.c^entof^r— 

andproduceselectridtyinresponsethereto. P'^^^'^^^t"! 
««e each end of theretainers 158 as depicted inFIG.uandmay support the 

retainers 158 in position relative to the conduit 152- 

AS another example ofamam^^inwUch displacement of themember 156 

may be used to produce electricity in the generator 148. the member 156 may be 
' Zort d in position relative to the conduit 15= by piezodectric material 
3^,nedbeLenthememberandtheconduit.Inthatcase.thememberi56^ 

ripletely free to move in the flow passage «4. but inst^d vib:.^ m 
lonsetofllflowing through the passage. This vibration of the membe^«6 
30 strain in the pie^-electric material 164 and the pie^electncmatenal 

produces electridty in response thereto. 
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m a tubular string 172 nositinn.^ • v mterconnected 

material 182 disposed in the cavity 178 n,, n- ^ P'^^^^^o 
annular sloped and nay out^^ ! '^'y ^ 

i78andpie«,e.ecM^^r«ilT'T'^~'*^'*^"™''--«°.-vi.. 
membrane r8o for seali^I b.,! f ^ ""^''^ °f ^e 

- ^nn. ™y be^::;::;^^^:-— - » 

atmospheric pressure to .nh«n T ^^^^^^y* the cavity 178 is at 

^on.top:j:;:r;;etT^^"' "^'^^ - 

merremotefrofflormdoseprorimilytothegeneratortTo. 
Of course, a person skilled in tlie an ,„«„ij 
of the above descriotinn ^ ^ """i* "Pon a careful consideration 

descnpfon of representaUve embodin>ents of the invendon, readily 
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appredate that many tnodifications. additions, substitutions, ddetiom. and other 
changes may be made to the specific embodiments, and such changes axe 
contemplated by the principles of the present ir,vention. Accordm^y. the 
foregoing detaUeddescriptionistobe dearly undeistoodasbeinggivenbyvmyof 
inustrationand e>cample only, the spirit and scoi« of the Resent invention bemg 
limited solely by the appended daims. 
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WHAT IS CLAIMED IS: 



3 '*"^«»^'^'«'-^dforflowoffluidtherethrough,-»d 

^ 2. The generator according to Qaim i *i. 

^J.U^™'"°^'°°^'-«^-^«'=«'^ conduit. 



in, J'i'*''°^'"'°'°'^'°''^™^'"'"*'*c conduit i.com,«Uble 
matubdarsta^positionedintheaa,te™neanwell. ^^^^ 

«~n..t.eeond.tt..Zt::^r-::j: " ™ 



PCTAJSOO/20616 

WO 02/10553 

-17- 

8. The generator according to Claim i, wherein the fluid conduit is shaped 
so that it induces turbulence m fluid flow therethrough. 

9. The generator according to Oaiin i, wherein the fluid conduit is 



10 The generator according to Claim i, wherein the fluid conduit has a 
recess internally formed thereon, the recess inducing turbulence in fluid flow 
through the fluid conduit. 

11. -me generator according to Claim 10, wherein the recess extends 
generally helically on the fluid conduit. 

12. The generator according to Oaim i, wherein the conduit is made of a 
titanium material. 

13. The generator according to Qdm i, wherein the conduit is made of a 
• composite material. 



wo 02/10553 



-18- 



PCT/USOO/20616 



3 attaching a piezoelectric material to a fluid conduit; 

4 ^^^^'^e^ingthefluidconduitinatubularstring; 

5 positioning the tubular string in the well; and 

17. lie method accardmg to Claim i6, ,*erem in the flowmg flmd steo 
the^dueedtMctaesspordonteesinresponsetothefluidflowS^^^ 
condu^tgreaterthanthatoftheremainderofaeflmdconduit ^ 

18. The method according to Claim 14, wherem the flowing steo further 
c<»pn3e.induch.,t.b^enceh,thefl,^flo«ingth™„^«.efl~^^^^ 

t.Me.einthe«.d.o^^tCt;:idrr ' ~ 
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20. The method according to Cton 19. wherein the shaping step further 
comprises helically forming the fluid conduit. 

21. The method according to Claim 19, wherein the shaping step further 
comprises forming a recess internally on the fluid conduit 



22. Tlie method according to Qaim 21, wherein the forming step 
comprisesforming the recesshdically on thefluid conduit. 



wo 02/10553 



-20- 



PCT/USOO/20616 



3 an outer housing; 

4 ^'"^^■^^'iP^cablydisposedrelativetothehpusms 

5 a laezodecWc material; and 

1 25. The generator accoM^ng to Claim 20 f„rtT,o,. 
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28 The generator according to Claim 23, wherein a shape of a fluid 
conduit disposed within the outer housing mduces turbulence in fluid flow 
through the fluid conduit. 

29. Tliegeneratoraccorangtoaato28.vtointhefluiacondmtshape 
is helical. 

1 30. TlKgenmtoraccordii«toa3taa8.whetdnthefl»id»ndmt8hape 

2 includes a recess fonned on the flmd conduit. 

31. Tte generator accoritog to Claim 30. vaieian the recess ertends 
2 helically on the fliidcondmt 

32. The genemtor according to aaim 28, wherdn the fluid conduit shape 
2 indudesaprotrusionformedonthefluidcondmfc 

33. Tlie generator according to CkOm 32. wherein the protruaon extends 
a helically on the fluid conduit 

34 The generator according to Claim 23. wherdn fluid flomng through 

2 the outer' housing also flows through a fluid conduit Ssposed within the outer 

3 houang. 

35. The generator accorfing to aaim 34. further comprising a flow 

2 restrictionin4efluidconduit.theflowrestrictionforcmgatlea«aporUonome 

3 Mdflowingthtoughfl^efluidconduittoflowbetweenthefluidcondurtandthe 

4 outer housing. 
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36. The generator according to caaim 3s wher**^ rt. a 
Preventsfluidflowdirectly thn,ughth.fluidcon" 
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2 com] 
3 



37. A method of producing power in a subterranean well, the method 
r«?ine the steps of: 



interconnecting an outer housing in a tubular string; 

4 positioningthe tubular stringinthesubterranean well; and 

5 flowing fluid through the outer housing, thereby causing a mass to 

6 displacewithinthehousingandinducestraininapiezoelectricmaterial^^ 

7 member positioned betweenthemassand the piezodectricmatenal. 

1 38 The method according to Qaim 37, wherein the flowing fluid step 

2 further comprises flowing fluid through a fluid conduit extending in the outer 

3 housing, the mass, bias member and piezoelectric material being externally 

4 positioned relative to the fluid conduit 



1 39 Themethodaccordingtoaaim38,wherdnintheflowingfluidstep, 

2 the mass, bias member and piezoelectric material are disposed in a chamber 

3 formedbetweenthefluidconduitandtheouterhousing. 



1 



40 The method according to Oairn 38, wherein in the flowing fluid step, 
the fluid conduitis plugged, fluidflowtherethroughbeingbypassedtoachamber 

formedbetweentheouterhousingandthefluidconduit 

41 The method according to Qaim 37. wherein in the flowing fluid step, a 
shape ofafluid conduit disposed within &e outer housing induces tuibulen^^ 

fluid flow therethrough. 

42. Tlie method according to Qaim 41, wherdn tiie fluid conduit shape is 
hdicaL 
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1 44. Hie method according to daiin 43 wherein fh. 

2 hehcaUyonthefluid conduit. ™ ^3, wherein the recess extends 



3 j:-:rr:—^^ 
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50. An electrical power generator for use in conjunction with a 
subterranean well, the generator comprising: 

afluid conduit configured for flow of fluid therethrough; 

a fluid chamber in fluid communication with the fluid conduit, the 

5 diambervibratinginresponsetopressurefluctuationsinthefluidconduit^^ 

6 a piezoelectric material attached to the fluid chamber, the piezoelectric 

7 ^laterialprodudngelectridtyinresponsetothefluidchamber^ibratlon. 



1 



51 Tte generator according to 50, wherein the pressure 

flurtuaUons in theflmd conduit aredue to flmdflow through thefluideondmt. 



52 The generator according to Claim 50. ^*erein the pezodecttic 
2 „u.teridisattachedtoamen4.ranebo»ntogaporttonofthefluidchamber. 

53 The generator according to Claim 50. wherein the fluid diainber is 

2 formedbetweenthefluidconduitandanouterhousingoutwardlyciicumscribmg 

3 the fluid conduit. 

54. The generator acconJing to Claim 53. wherein the piezoelectric 
2 matetialisattachedtotheouterhouiing. 

55. The generator accoriing to Qaim 50, wherm the pezodectric 
2 material is attached to a piston. 

56 The generator according to Oaim 55, wherein the piston is 

2 dispkceable reUtive to the fluid »nduit to thereby adjust a volume of the fluid 

3 diamber. 
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57- The generator acconJing to aaim . 

58. ^nie generator accorimg to Claim 50. v*ertin the fluid conduit i. 
dapedsotl^titinduc^sturbulenceinflddflo^therethrougi. ^""'""''""^ 

races, tae^ r'^'° °^^°'«^«^'^fl-d-duit has a 



61. The generator according to Qaim 60, v^heiein the recess extend.. 
generaUyheHcallyontheflmdconduit. ^ tne recess extends 
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1 62. A method of producing power in a subterranean weU, the method 

2 comprisiD^ the steps of: 

3 interconnecting a fluid conduit in a tubular string; 

4 positioning the tubular string in the subterranean well; 

5 flowing fluid through the fluid conduit; 

6 vibrating a fluid chamber in fluid communication with the fluid conduit in 

7 response to the flowing fluid step; and 

8 producing dectridty from a piezoelectric material in response to the 

9 vibratmg step. 



63. The method according to Qaim 62, wherein the vibrating step further 
vibrating a membrane of the fluid chamber, the piezoelectric material 



2 

3 being attached to the membrane. 

1 64. The method according to Qaim 62, wherein in the vibrating step, the 

2 fluid chamber is formedbetweenthefluid conduit and an outer houang. 

1 65. The method according to Qaim 64, wherein in the producing 

2 electricitystep,thepiezoelectricmaterialisattachedtotheouterhousing. 

1 66. The method according to Claim 62, wherein in the producing 

2 electricity step, the piezodectric material is attadied to a piston bounding a 

3 portion of the fluid chamber. 

1 67. Tlie method according to Oaim 66, further comprising the step of 

2 displacing the piston to thereby optimize vibration of the fluid diamber in 

3 response to fluid flow through the fluid conduit. 
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68. Tb^ method according to Claim 62, wherein in the prtdudn. 
electna.ystep.,hepiezodectricmateriali.a.tached.othe£luidc^duir 

69. Tb^ method according to Oaim 62, wherein the flowing step further 
comp™esmducu>gtnrb«lenceintheflddflowh^fl.o^a.,fl^^™ 

70 Tie method according to Oaim 69, wherein the inducing turbulence 
step toher comprises shapmg the fluid conduit m a maiT hl^ 
turbulencemtheflmdflowtagto^U^andconduit. ^ 

71. lie method according to Oaim 70, wha^in the shaping step ftoher 
compnsesheHcanyfotmmgthefluidconduit. P-ng teptrnther 

72. The method according to Claim 70. wherem the shaping step further 
compnsesformingarecessmtemallyonthefluidconduit. 



73. Ifemethodaccotdingto Oaim 72, wherein theformingstepfurther 
compnsesfoimmgtherecessheUcaDyonthefluidconduit. 
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74. An electrical power generator for use in conjunction vwth a 
subterranean wen, the generator comprising: 

afluid conduit having a flowpassageforflow of fluid therethrough; 

a member extending into the flow passage, the member vibrating in 
response to fluid flow through the fluid conduit; and 

a piezoelectric material producing electricity in response to vibration of 
the member. 

75. The generator according to 74, wherein the member extends 
generaHy transversely relative to the flow passage. 

76. The generator according to Qahn 74, wherein the piezoelectric 
material supports the member in poation relative to the fluid conduit. 

1 77. -nie generator according to Qaim 76, wherein the piezoelectric 

2 material encircles the member. 



1 78. rhe generator according to Qahn 76, wherein the member extends 

2 into a recess formed internally on the fluid conduit. 

1 79. The generator according to Gaim 78, wherein the piezoelectric 

2 material is disposed in the recess between the member and the fluid conduit. 

1 80. The generator according to Claim 74, wherein the fluid conduit 

2 further has a protrusion extending inwardly into the flow passage, the protrusion 

3 inducing turbulence in fluid flow through the flow passage, thereby increasmg 

4 vibration of the member. 
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4 J^^tio-^thetubularstrtoginthesubten^eanwdl; 

5 flowing fluid through the flowpassage; 



vibrating a member extending into the flow 



7 flo™ngfluidstep;and """"^ ™= response to the 

8 producing electricity fem a Diezoelertr,v „„h. • i • 

9 membervibratingstep. ' P^^^^c materia m Ksp»se to the 

step ier'^'"*'^~^'°''^«''*'^theproducinge.ectrid,y 
3 ri^Z^rr^-"'-— otheflu^condl 

2' furthe"^ 83. wherein the supporting Stan 

= '^"-Pn-endrding.hemember^ththei.ezoelectrlcma^^^ 

forther''' "^^ ^ ''""^ «3. wherem the supporting step 
3 '^f-dcondmtmarecessfonnedintenianyonthefluidconduit 



1 

2 
3 
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87 The method according to Oaim 86, v^erdn the indudngtu^^^ 
step further comprises providing a protruaon extending inwardly into the flow 
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«5 a fluid conduit; 



91. lie generator according to Claim 90, y,b^ fte piezoelectric 



92. The generator according to aaim Sfl f,.r*\,^ 
gen Jv.:^~:"^ ™" 
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94. A method of producing power in a subterranean well, the method 
comprising the steps of: 

intercomiecting in a tubular string a power generator including a member 

4 ha'wng an orifice formed therethrough; 

5 positioning the tubular string in the subterranean well; 

6 flowng fluid through the orifice; 

7 vibratingthememberinresponsetotheflowingfluidstep; and 

8 producing electricity from a piezoelectric material in response to the 

9 member vibrating step. 



1 95. Tte method according to Oaim 94, tathercompriang the step <rf 

2 indudngturbulencemfluidfloMngthroughtheorifice. 

96. ■fte method accorftag to Claim 95, wherein the indudng turbulence 

2 step further comprises positioning a structure in the fluid conduit upstream oi 

3 the member. 

1 97 The method according to Gaim 96. wherein the positioning step 

2 further comprises portioning the structure so that it extends generally 

3 transverselyrelativetoaflowpassageformedthroughthefluidconduit 
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3 a fluid conduit; 



4 
5 
6 
7 
8 
9 



^-«»^P-'en«^a^lacem»taf«,eMan>beroutofU:efluidca„d«t; 

99. Hie generator accordtog to Oato ,8. wherein the pie««lectric 
mater«l.d.^bet.«nthemen4erandthefl„idcondmt. 

100. Ife generator accoMing to Claim 99, wherein the piea«lectric 
mterzalsupportsthememberwithinthefluidconduit I»^«tnc 



103. The generator accorfing to Oahn 98, wherein the member contacts 
fl^ret^ermz^n^etoflnidflow through thefluid conduit, the pie^^r^^^^ 
nuitenalproducmgelectricityinresponaetosnchcontact P^^«"' 
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104. A method of producing power in a subterranean weU, the method 
comprising the steps of: 

interconnecting a fluid conduit in a tubular string; 

4 positioning the tubular string in the subterranean weU; 

5 flowing fluid through the fluid conduit; 

6 displacing a member vathin the fluid conduit in response to the flowing 

7 fluid step; and 

8 producing electridty from a piezoelectric material in response to the 

9 member displadng step. 

1 105 The method according to aaim 104, wherein in the member 

2 displacingstep,thememberispreventedfromdisplacingoutofthefluidconduit 

3 by a retainer. 

1 106 The method according to Claim 105, wherein the member (Msplacing 

2 stepfurthercomprisescontactingtheretainerwiththemember,andwhereinm 

3 the producing electricity step, the piezoelectric material produces dectnaty m 

4 response to the member contacting the ret^ner. 

1 107. -Hie method according to Claim 105, further comprising the step of 

2 supportingtheretainerutiliangtiiepiezoelectricmaterial. 

1 108 The method according to Claim 104, further comprising the step of 

2 supportingthememberinthefluidconduitutitogthepiezoelectricmaterial. • 
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1 uo. He generator according to Claim loo wherein th» „ 



U2. The generator accoriing to Qaim loo wherein th. 
^alinglyisolatesaeca^tyfromtteflowpassage. ^"^^ 



'^!~°^accordingtoClaimi09,whereinthecarftyisgenerallv 
ann«]arshapedandoutwaidlysmT«undsthemembrane. "^-^Senerally 

^ The generator according to Claim 114 vhe-in th. • 1 • 
n.teHai.generai..ann^r^pedandoutw=^,r::r.r.:Zr° 
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116. A method of produdng power in a subterranean well, the method 
comprising the steps of: 

interconnecting a fluid conduit in a tubular string; 



4 

5 fiowingfluidthroughaflowpassageofthefluidconduit; 

6 flexing a membrane separating the flow passage from a cavity of the fluid 

7 conduit in response to the flowing fluid step; and 

8 producing electricity from a piezoelectric material in response to the 

9 membrane flexing step. 

1 117. ThemethodaccordingtoClaimii6,whereininthemembraneflexing 

2 step, the membrane is generally tubular. 

118. The method according to Claim ii6, wherein the flowing fluid step 
2 furthercomprisesflowingfluidthroughthemembrane. 

1 119 The method according to Claim n6, further comprising the step of 

2 sealinglyisolatingtheflowpassagefromthecavityutiMngthemembrane. 

1 120 The method according to aaim 116, wherem in the membrane 

2 flexingstep.thecavityisataredu(^dpressurerelativetotheflowpassage. 

121. The method according to aaim 120, wherdn in the membrane 
2 flexingstep,thecavityisatatmosphericpressure. 
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